Summary: This study re-examines the long run validity of the monetary approach to exchange rate determination for India. In particular, the long run association of bilateral nominal exchange rate of Indian rupee vis-à-vis USD, Pound-sterling, Yen and Euro against the corresponding monetary fundamentals that the model underlines has been tested using Johansen-Juselius maximum likelihood framework and Gregory-Hansen co-integration approach. Irrespective of the exchange rates the study finds a co-integrating relationship among the variables using Johansen-Juselius maximum likelihood approach. The Gregory-Hansen co-integration method allows for one break determined endogenously in three specifications also confirms the long run relationship. Our results, hence, suggest that the monetary model is a valid theory of long run equilibrium condition for the rupee-dollar, rupee-pound, rupee-yen and rupee-euro exchange rates.
For decades the determination of exchange rate has been an issue of intense research interest. Considerable research analysis of the complex interactive behaviour among the foreign exchange rates and the macroeconomic fundamentals has led to development of a rich theoretical literature in the area of exchange rate determination. Today, the literature on international finance offers a number of competitive theoretical models for analyzing exchange rate behaviour. Yet, there is no single theory that can understand exchange rate behaviour in its entirety.
This study analyzes the behaviour of exchange rate in the light of a prominent theory of exchange rate determination, namely, the monetary approach. The monetary approach of exchange rate (MAER) explains the dynamics between nominal exchange rate and monetary fundamentals. The MAER emerged as the dominant exchange rate model in the early 1970s. Over time the MAER flourished into various forms viz., the flexible-price model, the sticky-price model and ultimately the real interest rate differential model and received decent empirical support in the early stage.
The monetary model to exchange rate offers a crucial referral point to policy makers in targeting exchange rate behaviour. This is because it links macroeconomic fundamentals with exchange rate and explains the intricacies of exchange rate deter-PANOECONOMICUS, 2015, Vol. 62, Issue 1, pp. 33-54 Jahan-Parvar (2012) and Tiwari, Dar, and Bhanja (2013) also utilize the methodology to test the unit root property of oil prices and exchange rates. A detailed survey of unit root test under the framework of structural break has been forwarded by Joseph P. Byrne and Roger Perman (2007) . Further, the long run relationship is tested using co-integration test proposed by Gregory and Bruce E. Hansen (1996) .
The rest of the paper is structured as follows. Section 1 presents a brief review of empirical literature on the MAER. Section 2 explains the model and methodologies employed in the study and outlines the testing strategies. Section 3 gives details of the data used in the empirical analysis and reports the estimated results. Section 4 gives the conclusion of our research study.
Review of Literature
The relationship between exchange rate and macroeconomic fundamentals has generated a flurry of research interest. Using a new bootstrapping methodology to infer small sample inferences in long horizon regression, Lutz Kilian (1999) analyzed the long run predictability of four major exchange rates. The study offered some evidence of exchange rate predictability; however in the longer horizon no evidence of higher predictability was observed. In an analytical paper Charles Engel and Kenneth D. West (2005) showed the disconnection between the exchange rate and macro fundamentals like relative money supplies, outputs, inflation, and interest rates through the evidence of near random walk behaviour of asset prices and argued that these macro variables provide little help in predicting changes in exchange rate. Examining whether macroeconomic monetary fundamentals e.g. money supply, interest rate offer any explanation for exchange rate in USA, Euro Area and Japan, Yutaka Kurihara (2012) confirms the influence of monetary policy on the exchange rate accounting for structural breaks in underlying parameters. Recently, Philippe Bacchetta and Eric van Wincoop (2013) through their analysis argued that the wide and frequent variation in the relationship between exchange rate and macroeconomic fundamentals is the outcome of unknown structural parameters and their slow change. Further, the study found parameter instability to have negligible effect on the volatility of exchange rates, the in-sample explanatory power of macro fundamentals and the ability to forecast out of sample.
Nevertheless, over last three decades the existing theoretical exchange rate models including the monetary approach have been put to the rigorous empirical testing for assessing their empirical validity. The findings of these researches have revealed high inconsistency across countries, methodologies and sample periods (Ronald MacDonald and Mark P. Taylor 1992). Despite early conformity on the validity of various monetary models, in subsequent period the support remained largely muted.
Against this backdrop, several studies in the subsequent period have empirically tested the variant of MAER models and their extensions. In recent years specifically since the seminal papers of MacDonald and Taylor (1992, 1994) , the long run properties of monetary model of exchange rate have been scrutinized in the light of Johansen-Juselius and panel co-integration methodologies and, in sharp contrast to earlier studies that made use of Engle-Granger two-step co-integration method, these Recently, Junaid Abbasi and Sadia Safdar (2014) and Ugur, Akbas, and Senturk (2014) endeavored to test the validity of monetary model of exchange rate for Pakistan and Romania respectively. For Pakistan the empirical findings confirm the existence of long equilibrium relationship among exchange rate and monetary fundamentals with domestic interest rate and income bearing negative association and money supply a positive correlation with the exchange rate. Under structural VAR framework, Ugur, Akbas, and Senturk (2014) found no correlation between nominal exchange rate and money supply, GDP and interest rate for the Turkish Liras.
In the Indian context, however, handful of studies analyzed the exchange rate vis-à-vis the monetary fundamentals. Among others Renu Kohli and Kenneth Kletzer (2004) using a VECM representation found that the monetary model performed well in explaining behaviour of the Rupee/USD exchange rate. Of late, Pami Dua and Rajiv Ranjan (2011) have modeled the Rupee/USD exchange rate against monetary fundamentals to test the forecasting ability of the monetary models. The Bayesian VAR was found to predict the exchange rate better than the conventional VAR. Nevertheless, all these analyses have ignored the issues of the presence of structural break and confined themselves only to the one exchange rate i.e. Rupee/USD.
Moreover, the available empirical literature are highly lop-sided towards the currencies of developed economies like USD, Yen, Pound-sterling, Swiss Franc and Deutsche Mark while the currencies of transition and developing economies have not received due attention. In light of this fact, the present study attempts to extend the pool of existing literature further by addressing the issue of long run validity of monetary model of exchange rate, for the Indian rupee vis-à-vis some of the major traded currencies of the world, namely USD, Japanese Yen, British Pound and European Unions' Euro. The major contribution of the study lies with the application of Lee and Strazicich (2003, 2004 ) LM unit root test that detects the presence of unit root considering structural breaks and subsequently structural break co-integration test due to Gregory and Hansen (1996) to test for long run association between bilateral nominal exchange rate and monetary fundamentals of domestic and foreign country. Details of these methods are discussed in the following section.
The Model and the Econometric Methodology
A compact unrestricted and reduced equation of monetary model can be expressed as follows (for further discussions see MacDonald and Taylor 1992):
where, e t is the nominal bilateral exchange rate, m t denotes domestic money supply, y t denotes domestic real income, r t is the domestic interest rate and u t is an error term. The foreign counterparts are denoted with an asterisk.

. The evaluation of long run properties of the monetary model presented in Equation (1) , which is generated from a VAR (k) model with Gaussian error t  :
The long run static equilibrium associated with Equation (2) is given as 0
, where the long run coefficient matrix  is defined as:
 is defined as an N N  matrix and its rank decides the number of cointegrating vectors (r). The test has been popularized by many applications and is considered as standard procedures for testing co-integration. Detail discussion of the methodology is hence avoided. For details see Johansen and Juselius (1990) .
However, a major shortcoming of the Johansen-Juselius technique is that it does not account for structural changes in the co-integrating vector. In view of the fact that the period of the study covers 18 long years encompassing different policy regimes and oil price shocks, we expect possibility of structural shift in the exchange rate relation. Hence we have examined the stationarity of all the time series applying much advanced Lee and Strazicich (2003, 2004) LM test that account up to two structural breaks. Further we make use of the Gregory and Hansen (1996) cointegration approach which tests for co-integration with one shift in the cointegrating vector at some unknown date. These two methodologies are discussed in detail below. in the data generating process defined in the Equation (4). The LM unit root test statistics is obtained using following regression: The trimming region over which selection process carried out is (0.15T, 0.85T), where T denotes sample size and T B denotes date of structural break. The breaks are determined corresponding to which endogenous two-break LM t-test statistics is at a minimum. The critical values are tabulated in Lee and Strazicich (2003, 2004) for the two-break and one-break case respectively. Lag length (k) is selected using the "t-sig" approach proposed by Alastair Hall (1994) . It starts with a predetermined upper bound k and if last lag included turns out to be significant, k is chosen. If k is insignificant, however, it is reduced by one lag until last lag becomes significant. In case of no significant lag k is set equal to zero.
Gregory and Hansen (1996) Co-integration Test
The Gregory and Hansen (1996) co-integration technique in the single equation framework allows for one endogenously determined structural break. The test puts forward three models whereby shifts can take place; either in intercept alone or, in level along with trend or, a full shift of the regime. The model that allows for shift in the intercept alone (Model C) is given by:
where t = 1,2,…,n.
Accommodating a trend in the data, the second model (Model C/T) allows shift only to the change in level with a trend. This is defined as:
Finally, the full regime shift model (Model C/S) that allows for changes both in the intercept and slope of the co-integration vector is given as:
where t = 1,2,…,n and 1  , 1  and 1  are the intercept, trend and slope coefficient respectively before the shift in the regime and , 2  2  and 2  are the corresponding changes after the break. The dummy variable   t is defined as: We have estimated all the models for each possible break date (each τ) in the data set, following Dierk Herzer and Nowak-Lehmann Felicitas (2006), followed by unit root test on the on the estimated residuals  t ê . For testing the null hypothesis of no co-integration against the alternative hypothesis of co-integration in the presence of endogenous structural break, the smallest value of the unit root test statistics is used. The asymptotic critical values are tabulated by Gregory and Hansen (1996) . The lag-length in the co-integration equation is based on SIC and AIC criterion.
Data and Results and Discussion
The study makes use of data of the monthly frequency spanning from 1993:M3 to 2011:M3. The choice of sample period is dictated by the emergence of marketdetermined exchange rate regime in India. Exchange rates are bilateral nominal exchange of Indian rupee vis-à-vis four major-traded currencies of the world viz. USD, Japanese Yen, British Pound and European Unions' Euro. Before emergence of Euro (Jan. 1999), the Rupee-Euro exchange rate series was constructed against Deutsche Mark. These countries are also important trade partners of India as well as major traded currencies of the world. For money supply, M1 of all the countries are considered except for United Kingdom (M 4 is taken as proxy of money supply for UK). The index of industrial production (IIP) is taken as the proxy for real income. Interest rates are Fed fund rate of USA, money market rate of UK, Japan and European Union and lending rate of India. Both money supply and output variables are adjusted seasonally with Census X-12 method. All the variables except for interest rate are transformed into logarithmic form. Data has been collected from IFS CD-ROM-2012 published by the IMF and the Handbook of Statistics on Indian Economy compiled by the Reserve Bank of India. The pricing of exchange rate on the basis of monetary model under maximum likelihood framework implies that the logarithm of the exchange rate and the logarithms of the domestic and foreign money supply, real income and interest rate are co-integrated with at least one co-integrating vector. As convention goes, before conducting co-integration test, the non-stationarity behaviour of the time series in their autoregressive representation has been carried out with the help of standard PANOECONOMICUS, 2015, Vol. 62, Issue 1, pp. 33-54
Phillip and Perron (PP for short) and KPSS tests. The unit root results are presented in Table 1 .
All the variables, apart from output variable of UK in PP test, were found to be stationary at their first difference. Thus we conducted the Johansen co-integration test; the results of which are tabulated in Table 2 . As evident from the table, the null hypothesis of co-integrating vector (r = 0) has been rejected for all the country under consideration; implying long run association among exchange rate and the monetary fundamentals. In case of USA the presence of two co-integrating vectors was detected both by the trace and max-eigen statistics, while for UK and EU the trace statistics indicated four co-integrating vectors and for Japan two co-integrating vectors. The detection of at least one co-integration vector in all cases is evidence to support the unrestricted reduced form of the monetary model as the long run equilibrium theory in case of the rupee exchange rates. Although there is presence of co-integrating relationship among nominal exchange rate and monetary variables, it is still possible that there could be a shift in the co-integrating vector in response to deregulations and growing openness in foreign exchange markets, oil price shocks, and other shifts in policy regimes. This makes us cast doubt on the reliability of Johansen results and to test for long run equilibrium relationship in the light of structural breaks. Nevertheless, the robustness of the non-stationarity characteristics of the data in the level form as yielded from the traditional unit root tests (PP and KPSS tests), again have been conducted accounting for the structural shifts using powerful Lee and Strazicich (2003, 2004 ) LM unit root test. The LM unit root test considers up to two breaks in intercept as well as in intercept and trend both, in each series. The LM unit root results are presented in Table' while Table 5A to 8A first difference series. Model A corresponds to one break and the Model AA to two breaks in intercept. On the other hand, Model C represents one break and Model CC denotes two breaks in the intercept and trend.
Irrespective of the models, the exchange rate and money supply series of all countries, except for exchange rate of EU and money supply of Britain in Model CC, are found to be non-stationary at the level. However, all the series attain stationarity at their first difference. For level series of IIP, Models A and AA, detect presence of unit root in all cases but, Models C and CC, in some cases show series is stationary. At their first difference, nevertheless, all the models detect stationarity of IIP series, except for India, in Model A and AA. In level, interest rate series are non-stationary in most cases, with some exceptions e.g. Fed fund rate in Model A and AA significant at 10 percent level; rejecting null of non-stationarity. However, irrespective of models interest rate series in their first difference are stationary for all countries. Moreover, the dummy variables for structural breaks are also significant in most of the models for variables under consideration, indicating prominence of shifts in the data series.
Having tested the unit root in the presence of significant breaks, we proceed to examine the long run equilibrium relationship between nominal exchange rate and monetary fundamentals using an alternative approach to Johansen-Juselius cointegration forwarded by Gregory and Hansen (1996) . This novel approach provides an alternative that involves testing of one unknown shift in the co-integrating vector by testing the null of no co-integration against the alternative of co-integration with a break. The procedure of Gregory and Hansen can be applied at different steps to detect the shift in the parameters of the monetary model. A shift in the intercept of the model can be tested by testing the co-integrating relationship between nominal exchange rate and monetary variables (Model C), shift in intercept with the trend (Model C/T) and finally a more generic formulation involving a "regime shift" (Model C/S). Gregory and Hansen (1996) . The approximate asymptotic critical values are -6.05 and -5.56 at 1 percent and 5 percent, respectively, for break in intercept and the no trend model; -6.36 and -5.83 at 1 percent and 5 percent, respectively, for break in intercept when the trend is included in the model and critical values are -6.92 and -6.41 at 1 percent and 5 percent, respectively, for the full structural break (regime shift) model.
Source:
Authors' own estimation.
The results reported in Table 3 reveal that the null hypothesis of no cointegration is rejected for all the countries irrespective of the models at 1 percent lev-PANOECONOMICUS, 2015, Vol. 62, Issue 1, pp. 33-54 el of significance. This suggests that there is a long run relationship among the variables with structural break. Hence, we conclude that our co-integration results emanated from the maximum likelihood that Johansen methodology is also robust to structural shifts. Moreover, since the estimated break points correspond to the minimum values of test statistics, these break points may be treated as time points at which the exchange rate functions have strongest tendency to shift. It can be seen that the break points do not occur in a particular year; rather vary across the models. Nevertheless, most of the break points cluster around some critical economic events. In case of USA, the break date corresponds to the period prior to global financial crisis. On the other hand, for European Union the break point is in consonance with emergence of Euro currency. The break date corresponding to UK corroborates with strong recovery of the British economy from recession of early 1990s.
Summary and Conclusion
This study re-examined the long run validity of the monetary approach to exchange rate determination using data from a developing country i.e. India. The long run association of bilateral nominal exchanges rates of Indian rupee vis-à-vis USD, Poundsterling, Yen and Euro against the corresponding monetary fundamentals that the model underlined has been tested using two distinct co-integration techniques. First, the issue was analyzed under the Johansen-Juselius maximum likelihood framework and irrespective of the exchange rates; the results suggest presence of co-integrating relationship among the variables. So we argue that unrestricted reduced form monetary model is a valid framework for the analysis of long run exchange rate behaviour. However, recognizing possible shifts in the co-integrating vector we proceeded further for robustness check of Johansen results applying test of Gregory and Hansen co-integration. Nevertheless, pre-test of non-stationarity of all the series in the presence of up to two structural breaks has been carried out with recent methodology of Lee and Strazicich (2003, 2004 ) LM unit root test. After confirming that all series are integrated of order one in the presence of significant structural breaks, we checked for their long run relationship with Gregory-Hansen co-integration method that allows for one break determined endogenously. Confirming the long run relationship, all the three models of the test rejects the null of no co-integration accepting alternative of co-integration with one shift. This set of results suggests that the monetary model is a valid theory of long run equilibrium condition for the Rupee-USD, RupeePound, Rupee-Yen and Rupee-Euro exchange rates.
Summing up, the study provides evidence for monetary approach as a valid long run relation for the four exchange rates considered against Indian rupee. As a policy prescription the study, therefore, suggests the monetary authorities to ensure price stability and stable monetary conditions so as to ensure stable exchange rate in the long run. The major limitations of the study, however, remain on the front of generalization of results and the data issues. As the analysis is undertaken exclusively against four exchange rates measured against Indian rupee, it will be fallacious to generalize the empirical findings to other currencies experience. Moreover, for the empirical analysis, the present study utilizes the monthly IIP as a proxy for twelve GDPs of the respective countries. Albeit for developed economies a major share of GDP comes from industrial sector, for emerging economies like India the share of industrial production in total GDP stands merely at 20 percent. Thus, use of IIP as a proximate variable for income of the Indian economy can be counted as a major limitation of this study. Given that the GDP data is available only in annual or quarterly frequencies for the countries, the study could not exploit it in the empirical analysis. Moreover, with the use of annual or quarterly data, the study would have ended up with very limited data-points for the post-reform period in India. 
